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(54) SWITCHING REGULATOR AND LSI SYSTEM 




(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a switching regulator that achieves high 
efficiency of power conversion for the wide range of load currents. 



SOLUTION: Switches SW1, SW2 are provided in series between a power supply 
Vdd and a power supply Vss. A switch controlling part 10 turns off the switch 
SW2 forcibly when the switch SW2 is in a on-state, if the electric potential at a 
node V1 exceeds the electric potential Vss. Specifically, the direction of the 
current IL which flows in a smoothing circuit 4 is detected with the electric 
potential of the node V1 so that the current IL is prevented from flowing to the 
reverse direction eventually to the power supply Vss and the degradation of the 
power conversion efficiency is prevented. This structure allows intermittent mode 
operations without providing a resistor inside the smoothing circuit 4. As a result, 
the power conversion efficiency for a small load current can be improved without 
increasing DC power loss for a large load current. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st and 2nd switches which are the switching regulator of a 
synchronous detection method, were formed between the 1st power source 
which supplies the 1st potential, and the 2nd power source which supplies the 
2nd potential lower than said 1st potential, and have been arranged mutually at 
the serial, The switch control section which controls turning on and off of said 1st 
and 2nd switches according to a control signal, It has the smoothing circuit which 
graduates the potential of the output node between said 1st switch and said 2nd 
switch. Said switch control section The switching regulator constituted so that 
said 2nd switch may be made into an OFF state when said 2nd switch is being 
made into the ON state according to directions of said control signal and the 
potential of said output node is over the 1st predetermined potential. 
[Claim 2] It is the switching regulator characterized by said 1st predetermined 
potential being potential almost equal to said 2nd potential in a switching 
regulator according to claim 1 . 

[Claim 3] It is the switching regulator characterized by being constituted so that 
said 1st switch may be made into an ON state when said switch control section 
makes said 1st switch the OFF state in the switching regulator according to claim 
1 according to directions of said control signal and the potential of said output 
node is over the 2nd predetermined potential. 



[Claim 4] It is the switching regulator characterized by said 2nd predetermined 
potential being potential almost equal to said 1st potential in a switching regulator 
according to claim 3. 

[Claim 5] The 1st and 2nd switches which are the switching regulator of a 
synchronous detection method, were formed between the 1st power source 
which supplies the 1st potential, and the 2nd power source which supplies the 
2nd potential lower than said 1st potential, and have been arranged mutually at 
the serial, The switch control section which controls turning on and off of said 1st 
and 2nd switches according to a control signal, It has the smoothing circuit which 
graduates the potential of the output node between said 1st switch and said 2nd 
switch. Said switch control section The switching regulator constituted so that 
said 1st switch may be made into an ON state when said 1st switch is being 
made into the OFF state according to directions of said control signal and the 
potential of said output node is over predetermined potential. 
[Claim 6] It is the switching regulator characterized by said predetermined 
potential being potential almost equal to said 1st potential in a switching regulator 
according to claim 5. 

[Claim 7] It is the switching regulator characterized by said 1st and 2nd switches 
being constituted by the transistor in a switching regulator according to claim 1 or 
5. 

[Claim 8] The LSI system equipped with a switching regulator according to claim 
1 or 5 and the LSI core section which operates with the electrical potential 
difference supplied from said switching regulator. 

[Translation done.] 
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1 .This document has been translated by computer. So the translation may not 
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2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control and the configuration 
for making actuation possible at high power conversion effectiveness over the 
range of the large load current especially about a switching regulator. 
[0002] 

[Description of the Prior Art] Drawing 8 is drawing showing the general 
configuration of the switching regulator of the synchronous detection method of a 
pressure-lowering mold. Generally the switching regulator shown in drawing 8 is 
called an "PWM pressure-lowering mold switching regulator." That is, feedback 
control is applied by the PWM (Pulse Width modulation : pulse width modulation) 
signal PWM so that the potential of a node V2 may be in agreement with target 
potential. The switch control section 50 makes either of the 1st and 2nd switches 
SW1 and SW2 turn on according to the PWM signal PWM. When the PWM 
signal PWM is "L", the 1st switch SW1 is made to turn on, and the 2nd switch 
SW2 is made to turn on here at the time of "H". Thereby, a rectangle-like output 
wave appears in a node V1 , and the output wave of this node V1 is graduated by 
the smoothing circuit 4 constituted by LC. The graduated potential is supplied to 
a load circuit 8 from a node V2. 

[0003] The PWM signal PWM is a signal as the final result of feedback control 
which was made to turn on the 1st switch SW1 when the potential of a node V2 
was lower than target potential, and was generated so that the 2nd switch SW2 
might be made to turn on, when high. Although there are many methods in such 



feedback control, since there is no direct relation to the essence of this invention, 
the detailed explanation is omitted on this application specifications. Of course, 
feedforward control may be used instead of feedback control. 
[0004] Drawing 9 is a timing chart which shows the actuation of a switching 
regulator shown in drawing 8 . Among this drawing, as for (b), (a) shows 
actuation when the load current lo is small, when the load current lo is large. As 
shown in drawing 9 , when the 1st switch SW1 turns on, the potential of a node 
V1 turns into potential Vdd mostly, and on the other hand, when the 2nd switch 
SW2 turns on, the potential of a node V1 turns into potential Vss mostly. 
Although the potential of a node V1 has shifted from potentials Vdd and Vss in 
drawing 9 , this is because the on resistance of the 1st and 2nd switches SW1 
and SW2 is not zero, so fall of potential arises. 

[0005] The power conversion effectiveness eta of a switching regulator can be 
expressed like a formula (1). 
eta=(Ave(V2) xlo)/(Vddxli) - (1) 

Here, Ave (V2) is the average output voltage of a node V2, and li is an input 

current. If each component is ideal, it is Ave(V2) xlo=Vddxli. -- (2) 

A next door and the power conversion effectiveness eta become 100%. However, 

in an actual circuit, since power is lost by various resistance components like the 

on resistance of a switching transistor, parasitism resistance of a coil, wiring 

resistance, or the equivalent series resistance of a capacitor, the power 

conversion effectiveness eta becomes lower than 100%. In addition, although the 

power loss for driving the gate capacitance of a switching transistor besides loss 

by the resistance component, the substrate current loss by switching of a 

switching transistor, etc. exist, it shall not take into consideration here. 

[0006] If loss by the resistance component is set to Ross, the power conversion 

effectiveness eta will become like a formula (3). 

eta=(Ave(V2) xlo)/(Ave(V2) xlo+Ross) 

- (3) 

And the loss Ross of a resistance component can roughly be divided into the 



direct-current power loss RossD and the alternating current power loss RossA, 
and as shown in a formula (4) and (5), it can be expressed, respectively. 
RossD=Ave(lo) xAve(lo) xR -- (4) 

RossA=delta Ixdelta lxR/12 -- (5) Here, Ave (lo) expresses the sum of the total 
resistance component to which an average load current and deltal exist in a 
maximum current ripple, and R exists on current pass. Although Loss Ross will 
become zero and the power conversion effectiveness eta will become 100% if 
the resistance component R is zero, in fact, the value of the resistance 
component R is 0.5ohms - about 1ohm, and this causes power conversion 
degradation. 

[0007] As shown in a formula (4), the direct-current power loss RossD becomes 
so large that the load current lo is large. Moreover, since it is fixed, as the value 
of maximum current ripple deltal not based on the magnitude of the load current 
lo, but it shown in a formula (5), it does not depend for the alternating current 
power loss RossA on the magnitude of the load current lo. 
[0008] Formula (3) As for the power conversion effectiveness eta of a switching 
regulator, - (5) shows that change according to the magnitude of the load current 
lo, and the point ******** optimum point of the load current lo when the power 
conversion effectiveness eta becomes the highest exists. The power conversion 
effectiveness eta of a switching regulator will deteriorate if it puts in another way 
as the load current lo will become small from the optimum point, or as it becomes 
large. 
[0009] 

[Problem(s) to be Solved by the Invention] However, it is desirable that high 
power conversion effectiveness is maintainable to the wide range load current as 
a switching regulator. The switching regulator which can maintain the power 
conversion effectiveness which is extent which has also been the case that the 
load current is especially small in a semiconductor integrated circuit is needed. 
[0010] The configuration as shown in drawing 10 is already proposed to such 
needs (B. "Smart Power ICs" pp 334-336 besides Murari, Springer, 1995). With 



the configuration of drawing 10 , resistance 9 is inserted among the nodes V2 
and V3 of smoothing circuit 4A in order to detect the sense of the current IL 
which flows in a coil 5. That is, the potential of the both ends of resistance 9, i.e., 
the potential of nodes V2 and V3, is compared, when the potential of a node V3 
is higher than the potential of a node V2, it judges with the sense of the current IL 
of a coil 5 being facing the right, and when the potential of a node V3 is lower 
than the potential of a node V2, it judges with the sense of the current IL of a coil 
5 being facing the left. 

[001 1] The switch control section 60 is equipped with the comparator 61 which 
compares the potential of the both ends of resistance 9, and AND circuit 62 
which considers the output of a comparator 61, and the PWM signal PWM as an 
input, and outputs the output signal of AND circuit 62 as a control signal of the 
2nd switch SW2. That is, the switch control section 60 performs the following 
control. The PWM signal PWM makes the 2nd switch SW2 turn on during the 
period of "H". However, when the potential of a node V3 is lower than the 
potential of a node V2, the 2nd switch SW2 is turned off compulsorily. By taking 
such a control approach, power conversion effectiveness when the load current 
is small improves sharply for the following reasons. 

1. Since deltal becomes small, alternating current power loss becomes small. 
[0012] 2. Since Current IL does not flow into a power source Vss, the time 
amount by which the charge which charged the capacitor 7 at the "on" period of 
the 1st switch SW1 is consumed as the load current lo becomes long as 
compared with the configuration of drawing 8 . 

[0013] Power loss for driving AC loss in a reason 1 and driving the gate 
capacitance of a switching transistor in a reason 2 can be lessened, and power 
conversion effectiveness when the load current lo is small is made to both 
improve. When the load current lo is large, since the sense of the current IL of a 
coil 5 always becomes rightward, actuation of the switching regulator of drawing 
10 becomes equal to actuation of the switching regulator of drawing 8 . 
[0014] Drawing 1 1 is a timing chart which shows actuation when the load current 



lo of the switching regulator shown in drawing 10 is small. With the configuration 
of drawing 8 , the condition of saying that neither of the 1st and 2nd switches 
SW1 and SW2 is turned on exists by the configuration of drawing 10 to either of 
the 1st and 2nd switches SW1 and SW2 having surely turned on so that it may 
turn out that drawing 1 1 is compared with drawing 9 (b). Since the switch control 
section 60 shown in drawing 10 turns off the 2nd switch SW2 compulsorily while 
the current IL of a coil 5 is flowing leftward, when the 2nd switch SW2 turns on, 
the 1st and 2nd switches SW1 and SW2 are all turned off after it. At this time, the 
potential of a node V1 vibrates with the resonance frequency determined with a 
coil 5 and parasitic capacitance 6. Moreover, the current IL which flows in the coil 
at that time vibrates considering zero current as a core. 
[0015] In a switching regulator, actuation when the load current as shows 
actuation when the load current as shown in drawing 1 1 is small to intermittence 
mode, a call, and drawing 9 is large is called continuous mode. A configuration 
like drawing 10 having continuous mode and intermittence mode is used widely. 
[0016] However, there are the following faults with the configuration of drawing 
10 . 

[0017] First, components mark increase. The technique which accumulates a coil 
and a mass capacitor is not established in current semiconductor technology. For 
this reason, when it constitutes the switching regulator of drawing 10 , it is 
necessary to form a coil 5 and a capacitor 7 as external components of a 
semiconductor integrated circuit. For this reason, resistance 9 must also be 
formed as external components and components mark will increase as compared 
with the configuration of drawing 8 . 

[0018] Moreover, since resistance 9 is formed in smoothing circuit 4A, 
degradation of power conversion effectiveness when the load current is large will 
be caused. That is, the resistance R1 of resistance 9 is added to the original 
parasitism resistance, becomes the factor which increases direct-current power 
loss when the load current is large, and makes power conversion effectiveness 
deteriorate. 



[0019] Let it be a technical problem to improve power conversion effectiveness 
when the load current is small without increasing direct-current power loss when 
the load current is large, without this invention causing increase of components 
mark as a switching regulator in view of the aforementioned problem. 
[0020] 

[Means for Solving the Problem] In order to solve the aforementioned technical 
problem, the solution means which invention of claim 1 provided The 1st and 2nd 
switches which were formed as a switching regulator of a synchronous detection 
method between the 1st power source which supplies the 1st potential, and the 
2nd power source which supplies the 2nd potential lower than said 1st potential, 
and have been arranged mutually at the serial, The switch control section which 
controls turning on and off of said 1st and 2nd switches according to a control 
signal, It has the smoothing circuit which graduates the potential of the output 
node between said 1st switch and said 2nd switch. Said switch control section 
When said 2nd switch is being made into the ON state according to directions of 
said control signal and the potential of said output node is over the 1st 
predetermined potential, it is constituted so that said 2nd switch may be made 
into an OFF state. 

[0021] The 2nd switch is turned off, when according to invention of claim 1 the 
2nd switch is an ON state and the potential of an output node is over the 1st 
predetermined potential. That is, the sense of the current which flows a 
smoothing circuit is detected with the potential of an output node, and it prevents 
for the 2nd switch that the current which flows a smoothing circuit flows to an 
output node side, and flows into the 2nd power source by making it an OFF state. 
Thereby, intermittence mode actuation can be realized without preparing 
resistance in a smoothing circuit. Therefore, power conversion effectiveness 
when the load current is small can be improved without increasing direct-current 
power loss when the load current is large, without causing increase of 
components mark. 

[0022] And let 1st predetermined potential in the switching regulator of said claim 



1 be potential almost equal to said 2nd potential in invention of claim 2. 
[0023] Moreover, when said 1st switch is being made into the OFF state 
according to directions of said control signal and the potential of said output node 
is over the 2nd predetermined potential, the switch control section in the 
switching regulator of said claim 1 shall consist of invention of claim 3 so that 
said 1st switch may be made into an ON state. 

[0024] The 1st switch is turned on, when according to invention of claim 3 the 1st 
switch is an OFF state and the potential of an output node is over the 2nd 
predetermined potential. That is, the potential of an output node becomes high 
too much, when there is a possibility that a charge may flow into the 1st power 
source through the 1st switch in an OFF state, the 1st switch is made into an ON 
state and the resistance of the 1st switch is made small. Thereby, the power loss 
by the 1st switch of an OFF state when the potential of an output node becomes 
high too much can be prevented. 

[0025] And let 2nd predetermined potential in the switching regulator of said 
claim 3 be potential almost equal to said 1st potential in invention of claim 4. 
[0026] The solution means which invention of claim 5 provided moreover, as a 
switching regulator of a synchronous detection method The 1st and 2nd switches 
which were formed between the 1st power source which supplies the 1st 
potential, and the 2nd power source which supplies the 2nd potential lower than 
said 1st potential, and have been arranged mutually at the serial, The switch 
control section which controls turning on and off of said 1st and 2nd switches 
according to a control signal, It has the smoothing circuit which graduates the 
potential of the output node between said 1st switch and said 2nd switch. Said 
switch control section When said 1st switch is being made into the OFF state 
according to directions of said control signal and the potential of said output node 
exceeds the 2nd predetermined potential, it is constituted so that said 1st switch 
may be made into an ON state. 

[0027] And let 2nd predetermined potential in the switching regulator of said 
claim 5 be potential almost equal to said 1st potential in invention of claim 6. 



[0028] Moreover, the 1st and 2nd switches in the switching regulator of said 
claims 1 or 5 shall be constituted from invention of claim 7 by the transistor. 
[0029] Furthermore, invention of claim 8 is equipped with the switching regulator 
of said claims 1 or 5, and the LSI core section which operates with the electrical 
potential difference supplied from said switching regulator as an LSI system. 
[0030] 

[Embodiment of the Invention] (1st operation gestalt) Drawing 1 is drawing 
showing the configuration of the switching regulator concerning the 1st operation 
gestalt of this invention. In drawing 1 , the same sign as drawing 8 is given to the 
conventional switching regulator shown in drawing 8 , and the common 
component. 

[0031] In drawing 1 , the 1st switch with which SW1 consists of a PMOS 
transistor, the 2nd switch with which SW2 consists of an NMOS transistor, the 
switch control section by which 10 controls the 1st and 2nd switches SW1 and 
SW2 according to the PWM signal PWM as a control signal, and 4 are smoothing 
circuits which graduate the potential of the output node V1 between the 1st 
switch SW1 and the 2nd switch SW2. The 1st and 2nd switches SW1 and SW2 
are formed in the serial between the 1st power source (it is described as "a 
power source Vdd" below) to which the potential Vdd as the 1st potential is 
supplied, and the 2nd power source (it is described as "a power source Vss" 
below) which supplies the potential Vss as the 2nd potential. Moreover, the 
smoothing circuit 4 is constituted by the coil 5 and the capacitor 7, and has 
further the parasitic capacitance 6 which consists of wiring capacity, a diffusion 
capacitance of a switch, parasitic capacitance of a coil, etc. The potential 
graduated by the smoothing circuit 4 is supplied to a load circuit 8 (it expresses 
as a current source by a diagram) from a node V2. 
[0032] The actuation of a switching regulator shown in drawing 1 is 
fundamentally [ as the actuation of the conventional switching regulator shown in 
drawing 8 ] the same. That is, in principle, the switch control section 10 makes 
the 1st switch SW1 an ON state, when the PWM signal PWM is "L", and when 



the PWM signal PWM is "H", it makes the 2nd switch SW2 an ON state. 
[0033] The switch control section 10 has the function which detects whether the 
potential of the output node V1 is over potential Vss, and the description of this 
operation gestalt is the point of making this detection result reflecting in control of 
the 2nd switch SW2. The switch control section 10 performs control of the 2nd 
switch SW2 according to the following conditions. 

<control of 2nd switch SW2> PWM=H it is - SW2 ->ONif V1>Vss SW2 ->OFF 
PWM, i.e., an PWM signal, makes the 2nd switch SW2 an ON state during the 
period of "H". However, when the potential of the output node V1 is over the 1st 
predetermined potential Vss, i.e., potential, the 2nd switch SW2 is compulsorily 
made into an OFF state. 

[0034] when the 2nd switch SW2 is an ON state, while the current IL of a coil 5 is 
flowing to the node V2 side ( drawing 1 - setting - facing the right), the potential 
of a node V1 becomes lower than potential Vss by the on resistance of the 2nd 
switch SW2. on the other hand, while the current IL of a coil 5 is flowing to the 
output node V1 side ( drawing 1 - setting - facing the left), the potential of the 
output node V1 becomes higher than potential Vss. That is, when the 2nd switch 
SW2 is an ON state, the sense of the current IL which flows a coil 5 can be 
detected with the potential of the output node V1. 

[0035] With this operation gestalt, the sense of the current IL which flows a 
smoothing circuit 4 is detected with the potential of the output node V1 based on 
such knowledge. And when the 2nd switch SW2 is an ON state and the potential 
of the output node V1 is over potential Vss, it prevents that the current IL which 
flows a smoothing circuit 4 flows to the output node V1 side, and flows into a 
power source Vss by making it an OFF state for the 2nd switch SW2. 
[0036] Drawing 2 is a timing chart which shows actuation when the load current 
lo of the switching regulator of drawing 1 is small. When drawing 1 1 which shows 
the actuation of a switching regulator shown in drawing 2 and drawing 10 is 
compared, there is no difference in change of the potential of the output node V1, 
the current IL of a coil 5, and the potential of a node V2 in any way. That is, the 



switching regulator of drawing 1 can realize intermittence mode actuation 
completely equivalent to the switching regulator of drawing 10 . 
[0037] And in the conventional switching regulator shown in drawing 10 , since 
this operation gestalt is comparing the potential and potential Vss of the output 
node V1 to having added resistance 9 to smoothing circuit 4A, it is not necessary 
to add resistance to a smoothing circuit 4. For this reason, as compared with the 
configuration of drawing 8 , external components mark do not increase and 
direct-current-voltage loss when the load current is large does not increase, 
either. 

[0038] Power conversion effectiveness when the load current is small can be 
improved without preparing resistance in a smoothing circuit as mentioned above 
according to this operation gestalt. Therefore, it becomes possible to migrate to 
the large range of the load current, and to maintain high power conversion 
effectiveness. 

[0039] Moreover, the circuit which controls the 2nd switch SW2 in the switch 
control section 10 is constituted from drawing 1 by the comparator 1 1 which 
considers the potential and potential Vss of the output node V1 as an input, and 
AND circuit 1 2 which considers the output of a comparator 1 1 , and the PWM 
signal PWM as an input. And the output signal of AND circuit 12 is used as a 
control signal of the 2nd switch SW2. Control of the 2nd switch SW2 concerning 
this operation gestalt is easily realizable with such a simple configuration. Of 
course, as long as the configuration of the circuit which controls the 2nd switch 
SW2 in the switch control section 10 is not restricted to what is shown in drawing 
1 and can realize same control, they may be other configurations. 
[0040] (2nd operation gestalt) Drawing 3 is drawing showing the configuration of 
the switching regulator concerning the 2nd operation gestalt of this invention. In 
drawing 3 , the same sign as drawing 1 is given to drawing 1 and a common 
component, and the detailed explanation is omitted here. 
[0041] The actuation of a switching regulator shown in drawing 3 is 
fundamentally [ as the actuation of a switching regulator shown in drawing 1 ] the 



same. The description of this operation gestalt is the point that switch control- 
section 10A performs new control of the 1st switch SW1 in addition to control of 
the 2nd switch SW2 concerning the 1st operation gestalt. 
[0042] With both configurations of drawing 1 and configurations of conventional 
drawing 10 concerning the 1st operation gestalt, when the 1st and 2nd switches 
SW1 and SW2 were OFF states, by resonance of LC of a smoothing circuit, the 
potential of the output node V1 swayed greatly, and might exceed potential Vdd 
depending on the case. At this time, the charge was returned to the power 
source Vdd from the output node V1 , and there was a problem that the power 
loss by the parasitism diode of the PMOS transistor which constitutes the 1 st 
switch SW1 in this case will arise. 

[0043] Drawing 4 is drawing showing the cross-section structure of a typical 
PMOS transistor. As shown in drawing 4 , the parasitism diode 31 is constituted 
between the drain field D of P type, and n mold well n-well. When the lower one 
of the threshold voltage of a PMOS transistor and the threshold voltage of the 
parasitism diode 31 is set to Vt, the potential of the output node V1 is limited 
mostly (Vdd+Vt). Drawing 5 is drawing showing actuation when the potential of 
the output node V1 is limited to (Vdd+Vt) in the configuration of drawing 10 . 
[0044] Supposing the threshold voltage of the parasitism diode 31 is lower, when 
the potential of the output node V1 becomes higher than (Vdd+Vt), a current will 
flow from the drain field D of the 1st switch SW1 to the forward direction of the 
parasitism diode 31 toward a power source Vdd through a substrate. At this time, 
power loss will arise by the equivalence on resistance of the parasitism diode 31 . 
[0045] So, with this operation gestalt, switch control-section 10A performs control 
of the 1st switch SW1 according to the following conditions so that the power loss 
by the 1st switch SW1 in an OFF state may not arise. 

[0046] <control of 1st switch SW1> PWM=H it is -- SW1 ->OFFif V1>Vdd SW1 - 
>ON PWM, i.e., an PWM signal, makes the 1st switch SW1 an OFF state during 
the period of "H". However, when the potential of the output node V1 is over the 
potential Vdd as 2nd predetermined potential, the 1st switch SW1 is made into 



an ON state still more compulsorily. 

[0047] Although the power loss by the equivalence on resistance of the 
parasitism diode 31 of the 1st switch SW1 arises with the configuration of 
drawing 1 or drawing 10 in case the potential of the output node V1 becomes 
high too much and a charge is returned to a power source Vdd, the power loss at 
the time of a charge being returned to a power source Vdd is based on the on 
resistance of the 1st switch SW1 by the aforementioned control with this 
operation gestalt. since the on resistance of a PMOS transistor is far small 
compared with the identification on resistance of the parasitism diode 31, by 
control of the 1st switch SW1 concerning this operation gestalt, the power loss at 
the time of a charge being returned to a power source Vdd is boiled markedly, 
and becomes small. 

[0048] Drawing 6 is a timing chart which shows actuation of the switching 
regulator of drawing 3 . As shown in drawing 6 , the highest potential of the 
output node V1 is low restricted as compared with drawing 2 . This is because it 
is restricted by the on resistance of the 1st switch SW1 with the configuration of 
drawing 3 , although the highest potential of the output node V1 was restricted by 
the equivalence on resistance of the parasitism diode 31 with the configuration of 
drawing 1 or drawing 10 . 

[0049] Since the power loss by the 1st switch SW1 of an OFF state can be 
prevented according to this operation gestalt as mentioned above even if it is the 
case where resonance phenomena arise in the potential of the output node V1 at 
the time of intermittence mode actuation, and a charge is returned to a power 
source Vdd, it becomes possible to realize power conversion effectiveness 
higher than before. 

[0050] Moreover, the circuit which controls the 1st switch SW1 in switch control- 
section 10A is constituted from drawing 3 by the comparator 13 which considers 
the potential and potential Vdd of the output node V1 as an input, and AND 
circuit 14 which considers the output of a comparator 13, and the PWM signal 
PWM as an input. And the output signal of AND circuit 14 is used as a control 



signal of the 1st switch SW1. Control of the 1st switch SW1 concerning this 
operation gestalt is easily realizable with such a simple configuration. Of course, 
as long as the configuration of the circuit which controls the 1st switch SW1 in 
switch control-section 10A is not restricted to what is shown in drawing 3 and can 
realize same control, they may be other configurations. 
[0051] In addition, although the reference potential for control of the 2nd switch 
SW2 was made into potential Vss with the 1st operation gestalt, it is good also 
considering potentials other than potential Vss as a reference potential. For 
example, in consideration of the time delay of the comparator 1 1 of drawing 1 
etc., level slightly higher than potential Vss or slightly low level may be set up as 
a reference potential for control of the 2nd switch SW2. Moreover, although the 
reference potential for control of the 1st switch SW1 was made into potential Vdd 
with the 2nd operation gestalt, it is good also considering potentials other than 
potential Vdd as a reference potential. For example, in consideration of the time 
delay of the comparator 1 3 of drawing 3 , level low for whether it being level frail 
** slightly higher than potential Vdd may be set up as a reference potential for 
control of the 1st switch SW1. 

[0052] Moreover, you may constitute possible [ a setup of the reference potential 
for control of the 2nd switch SW2 concerning the 1st operation gestalt ]. Since 
the ease of carrying out of the shift to intermittence mode actuation of a switching 
regulator changes with the value of this reference potential, setting modification 
of this reference potential enables it to adjust the ease of shifting to intermittence 
mode. 

[0053] Drawing 7 is drawing showing the example of the LSI system constituted 
using the switching regulator concerning this invention. In drawing 7 , LSI20 is 
equipped with the LSI core section 21 and the DC/DC converter 22, and is 
equipped with the smoothing circuit 4 as external components. 23a-23e are the 
pads of LSI20. The DC/DC converter 22 becomes the 1st and 2nd switches SW1 
as shown with the 1st or 2nd operation gestalt, and SW2 list from the switch 
control sections 10 and 10A, and the switching regulator which starts this 



invention by DC / DC converter 22, and the smoothing circuit 4 is constituted. By 
actuation concerning the 1st or 2nd operation gestalt, the power-source 
potentials Vdd and Vss supplied to Pads 23a and 23b are transformed into an 
electrical potential difference V1 , and the DC/DC converter 22 outputs them to 
pad 23c. A smoothing circuit 4 graduates the output voltage V1 of the DC/DC 
converter 22, and outputs it as an electrical potential difference V2. The output 
voltage V2 of a smoothing circuit 4 is supplied as an internal electrical power 
source electrical potential difference of the LSI core section 21. 
[0054] 

[Effect of the Invention] Intermittence mode actuation can be realized without 
preparing resistance in a smoothing circuit, since control which detects the sense 
of the current which flows a smoothing circuit with the potential of an output node, 
and makes the 2nd switch an OFF state using this detection result is performed 
as mentioned above according to this invention. Therefore, power conversion 
effectiveness when the load current is small can be improved without increasing 
direct-current power loss when the load current is large, without causing increase 
of components mark. 

[0055] Moreover, the power loss by the 1st switch of an OFF state when the 
potential of an output node becomes high too much can be prevented. 
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[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the configuration of the switching regulator 
concerning the 1st operation gestalt of this invention. 

[Drawing 2] It is the timing chart which shows actuation of the switching regulator 
of drawing 1 . 

[Drawing 3] It is drawing showing the configuration of the switching regulator 
concerning the 2nd operation gestalt of this invention. 

[Drawing 4] It is drawing showing the cross-section structure of a typical PMOS 
transistor. 

[Drawing 5] It is the timing chart which shows actuation when the potential of the 
output node V1 is limited by the 1st switch SW1 of an OFF state of the switching 
regulator of drawing 10 . 

[Drawing 6] It is the timing chart which shows actuation of the switching regulator 
of drawing 3 . 

[Drawing 7] It is drawing showing the example of the LSI structure of a system 
using the switching regulator concerning this invention. 
[Drawing 8] It is drawing showing the general configuration of the conventional 
switching regulator. 

[Drawing 9] It is the timing chart which shows actuation of the switching regulator 
of drawing 8 , and (a) is a timing chart when the load current is large, and (b) is a 
timing chart when the load current is small. 

[Drawing 10] It is drawing showing the configuration of the conventional switching 

regulator in which intermittence mode actuation is possible. 

[Drawing 1 1] It is the timing chart which shows actuation of the switching 

regulator of drawing 10 . 

[Description of Notations] 

Vdd The 1st potential, the 1st power source 



Vss The 2nd potential, the 2nd power source 

SW1 The 1st switch 

SW2 The 2nd switch 

V1 Output node 

PWM PWM signal 

4 Smoothing Circuit 

10 10A Switch control section 

20 LSI 

21 LSI Core Section 

22 DC/DC Converter 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 

DRAWINGS 



[Drawing 1] 
10 



Vdd 



r 



PWM 



5W1 



-HE 



VI 



V2 



I C1 a T 



Vss 



SW2 



[Drawing 2] 



PWM 



VI 



_-Vdd 



SWl_on 
SW2_on 

IL 



-Io 




[Drawing 4] 



Vdd 




31 



[Drawing 5] 




[Drawing 6] 



PWM 




[Drawing 7] 





[Drawing 9] 




[Drawing 10] 

60 vdd 




[Drawing 11] 




[Translation done.] 



09) B#ii#fFjT (jp) 02) Q ^ *£p Q ^ (a) (ummmm&mmn 

#1^2000 -92824 
(P2000 - 92824A) 
(43)&M B M2*P 3 £31 B (2000. 3. 31) 



FI f-?3-h*(S#) 
H0 2M 3/155 H 5H7 3 0 



(5i) inta 7 mmn 

H0 2M 3/155 



M«JBO*8 OL (4 10 H) 



(20 mi 



(22)m«B 



#^¥10-257102 



¥^10^9/3103(1998. 9. 10) 



(71) ffllKA 00000U821 

(72) m m 
immmm mm m 

(74MSSA 10007/931 



i 

(54) ffiWOZm ^^aV-^ffLS I ->XfA 



(57) [gft] 

SP 1 o iix >f >y f - S W 2 y^CD^t , J - h* v 

U i L^'ffi^y- h* v i fflifcS&h-TWlv ssi; 





(2) M2 000-92824 (P2000-92824A) 



m i crinnzim-f&m i comast mriam i omej; o 

yty^mm-thM 'yi-mmmk. 
mmmiio^ -y^kmm^oM y^kom^m 
y- vcomm^mikti^mmzk zmt. 

lulEx^ 7ffl»ll 

wmz lt v iz is , tfrf ifcin y - f ^me^' 

SI 1 «FJrS«€fi £ a^T \ ^hk% izii . MiEJS 2 ^y 

[it*ii2 ] if^if i tm<?)M 7fy^i^^ 
friEU i cofmcommi , fries 2 t hb^e l v > 

wmmwm^m^zmnxmimicDxj -v-?**? 

H2^FJtS^ttfi^SiTV^I>t#^(i. f&IEf&l<z>* 

-< ■yf-**y«mt:i-«i i 0 mLztix^z z. k mm 
friEU 2 ^mm^mmi, mmm 1 ^me t imw 

n 1 conmim-t &m 1 om^frfESi 1 comux 0 

k, 

mmm^zmtx , frtBH 1 & it/si 2 -y 

HUlEU 1 >f >y f - fc MIEU 2 CO* >f -y f- fc <7)H]<7) ft* 

y- FotftWf -ft^STif fcfit* , 
lulEx^ 7ffl»ll 

lulEMOTI^f^^-oTlulEHi -y^^^-y 

«jBt lt v t a , MtEffi^i y - f tome^' 
^^y««Jtt-|> i 3 fij£3 fix ui> x >f yf-y^u^ 



[fi*iI6 ] lf*JM5lEiloy^ 'y^y^v^ix- 

mffiHltiit/ll2^>f yf-li, byy^y^t;j;-o 
V—9. 

[fl*H8 ] lf*JM 1 tfdi 5 lEf^x^ -/ ^yyv 

B?iE^ - Y >y i- > 7']/*? j- V - 9 ^ fflfe $ titzMK t i 
oTKjft-fSLS I armk^mUz^S I yXfA t 

[0001] 

a^^ciu mz. fcv^nificomwtzhtz-jz 

[0002] 

[#*os»] m8imsmcommm^^coxA -v-t 
yyv^*v-9<n-m^m$L^'tm'cfo&, ms 

ib, s-vv 2conm i mnmz-m-& iot, p 

WM (Pulse Width modulation y ^kXfi^ll!!) fl^P 
WM^J;-9T7^-KvS'-yyiWXt^tlS 0 -y 
^iij»g)55 OiiPWMfl-f-PWMtJtEtT, SliiiV 
H2^X-f -yfSWl fci:^SW2Wvf;fi^£;j-y$ 
•ItS. ^;T14. PWMff#PWM^' "L" ^fc^Hl 
cox-f -/fswi ^^-y^ii:, "H" cr)t%m2(T)XA 

h v 1 iztemm^fcjjm^mtu ;«y-Fvi« 

EB*«9Wi LCtio Tffi)3)c$^^¥if 0^4 tiot 

¥it ft$^i> . Tit {t^ii^mfitt/- kv2 

[00 03 ] PWMft-f-PWMti, /-KV2J0tfi* ! 

§-tt. {S^kZtem2CDX4 •y^sw2^^-y$-tts i 
a *ufc » y ^ - Fv -N.y y $iJ«^ft$IIS^ fc LT 
<om-f-T«> So ^ o i 0 ^ry ^ - P a' y < 

y * - fa >y ?»oftfo 0 17 ^ - F y * F§iJ» 

[0 0 04] H9!4IM8t^y-f -y^y^'V^'j.^- 
( a ) Io^l^tl, ( b ) ttft?tm?l 



(3) M2 000-92824 (P2000-92824A) 



t, %\coxA 'y^swi^yLTV*l.fc§{iy-K 
v l omfi(4(S ii'tfiv d d o , — S2»x^ 
vf-sw2* I *yLTv^f:Siiy-h*vi o^fiiit J 
sifiv sstij, H9ti±y- k v i tomfiiimfi 
vdd, vssi^tiiti^i\ Mmiaivm 

V = (Ave (V2 ) Xlo)/ 
Ave (V2 ) {i/-KV20T%ffi^m J E. 

Ave (V2) X I o=Vddx I i ■■■(2) 

V= (Ave (V2 ) Xlo)/ 



* LTffi*M^V)fJt£Ro s sit ± 

RossDt 3&mJ]ffliR o s s A h fc^Ht* - f: A 1 

RossD = Ave (Io) XAve 
RossA=AlXAI XR/1 2 

Ave ( i o ) liwsiii a i iffixm 
m.Lx\^&« mxmt^mx'htiii w%r o s s 

[ o o o 7 ] ^ ( 4 ) frmipi x oitz, mwrnjimtk 

Ros sDteMMVMl o&k%WZX±%<%:&. t 

tz, m±mmrjiA i i o^i^c 

m.mtsm'kR oss Aiit $tnifi i o o±i § kj4<£# 

[00 08]S(3)-(5) 3&»t, ;'s f yi, :f 

[0 0 09] 

[fS0JW«LJ; 3 fc-f-SifSM] bz\hiiK xA >yj-y 
H flSCS LTffitT'^ S C0AW £ L V \ #fc¥^ftc 

&(?Mti^m®]m$:$mx--£ z>xa vfy/Kaw- 
[ooio] i««ta ! Sr--xtwtr, hi o«t 

i5£ffij£#iX£il*$*rO^ (B.Murariffi TSmar 
t Power ICsj PP 334-336, Springer, 1995 ) „ Hi OCOffi 
fiScT"(±. 3-^/1/5 CffilSIS I Ltf)|6|#£8!jartSg 
«T\ f)M4 A^/- H V 2 V 3 «d££l9 



2tox-f 7 fswi, sw 2 cry^y&tlifMX'^^zih 

mmTifiZi t&frb xh h . 

[0005] X^f •y^y^V^r-xl^-ycom^mS)^ 
?7ii5t ( l ) to ± 5 tzmtz bifi-C^ h . 

( Vddx I i ) ■■■ ( 1 ) 

fcft, «*3QIBtWs»7ttl 0 0%J;i9iffi<&l>, * 

fy7>5yyx?m^ -y f-ym i hWfcWfimSk 

[00 06 ] ims&MzX&m&ZRo s sfc-TSi:. 
^«P^(45$ ( 3 ) «0i 5 

(Ave (V2 ) X I o+Ro s s ) 
- (3) 

•c# . -tftw^c ( 4 ) , (5) coxo tzmtz b ifiX* 

( I o) XR ■■■ (4 ) 
- (5) 

^WASilTV^ -ffcfcfcs ffitii9C0MS^«f4-f-* 
£>*>/-FV2, V3<AlMJ&Jt«U y-HV3(7)1B 
fij&V - H V 2 ^mfi ± "3 iff ^ t S (4 3 >f /t- 5 coHSIE 
I L<^|frj#(4£ft§T'£>£i?J£U y-h*V3<0Hffi 
*V- H V 2 cottfi i 0 iffiv ^ fc § lia A jv 5 cottS I 
L0>|fiiS(i;£|6iS?&4i:¥![£t4. 
[ 0 0 1 1 ] XA 7f-$iJfPgP6 0(±ffiK9C0MS^«fi 
Zimi-himZe 1 fc, it^H6 l^ffi^^PWMfl 
^PWMb£XJlbi-Z>ANDm8&6 2b$:ffil. AN 
D |UK 6 2 COabTJ fm^f- m 2 COX A >y f - S W 2 OlOWI 

vatffim. -f^^. xfyfaw6oii;); 

Wid^Slffll^firo. PWMfi-^-PWM^' "H" ^Mral 

k v 3 ome^v- h* v 2 comfu i o t ffi^ fc # laatfw 

m\z%2<nxA vf-sw2**7-t4. i^idJSrMffli 
i: 4 i: t J: -5 T , Jl7t€S*M^ ^ t # ^m^l 

1 . A I < ^€*tM**vJ^§ < ^ 

[0012] 2 . 1SI L^'miJgV s s tS^}A^^^ 
fcft. mi coxA 'yi-SWlcoxynmtizayTyy-7 

izytmifzmmm^mi i o t Ltm©$^i>B#rBi 



[ 0 0 1 3 ] Si 1 -Ctt£88»fc£ . a* 2 -/ 

f - y ? h ? y i?x ? co y~ h ^ mmt s ^ tocom^ 

PJc^^ < , ki>£. %MW& i o j&t/hs ub% 

covjimmm^^m^h . g^ms i o v ^ t 

ft. HI OtOX-f vi~yyU*cj.U~5>C0i)}mm8cr) 
XA »/1-y7'V^2.V~9com\¥bmL<ts:h« 

[0014] mi i (4Bi o^-fxA 7fy^y^ 



(4) M2 000-92824 (P2000-92824A) 



5 y^?-*- HI l£H9 (b) kY\Mth 
■yfSWl, SW2tOV^-fil^W^VLTt^Ot 

*ru hi 0(7mtftcnmi&£tfm2cox4 ^tsw 

1 , SW2 0^^tlt^yL^^i;^am^#4-t 
S. HI Ot^-fX-f 'y-^iljfpg|56 0(±, H2<7)X-f>y 
f- S W 2 y L X ^ I) t 3 >f ; 1/ 5 <?5«S I L 
ffl^tMfc/O^i:^ l2m^7fSW2»j 

fSWl, SW 2 tt^-ftlh Zff>k 
[0015]^ -y-f y^'V^iP-^TIi:, Hi It 

T^-fJ; 5 ^trTi^vJ^ v-ifcs fiDi&ftS: affile- K t 
Pf t>\ i ?tH 9 t^-T J: d t ^ coil 

•frtoHl 0cr)Xd^mmi!K<m^tiX^l, 
[0016] L^U H 1 0 oHfiTCii&^J; a 2r4o£ 

[ 0 0 1 7 ] $ f\ »iH.J^#ft*-f £ o 
8flra±, 3^;^^Mayry^-^«m-rsSffi(i 
WiLovSr^. mtub^ Hi ocoxa y^-yyv^ 
a 3>f^5^yfyf7iif 

[0 0 18] ¥iM&4A^dgfii9£!£ft§0 

[0019] frfEorniMtif *mut. m y^-y 

?'V=? a k LX , ii n Q p*»m^^ffl< z k £ 
[0 0 20] 

[itM^ft?^!, fc«>tf>#&] ffllE^illB* JB^-tifc 

i&tz n 1 «€i!S t frfES? 1 o^fi «t 0 *>fiv 2 <7X 
fi£f*mt-|>®2o€Iifc«;i£{t^ s^tit^J 

tE* § flfcSS 1 & ± » 2 m y f - f: , MWl-f-fc 
^-|>X^ -y^Wfc. MfESIlO^ -y^fcMfESl2 



<nx4 -yf-k comcoRjis- v^mm^m itt^m 

m^tzm-j xmmm 2^x4 y i~ zxyymtz ix v ^ 
, MtEffi^y- vcommm 1 toFJtsom 

ffi£jH£T^4i:Sfcl;L t&IEIf20>*>f -y^^^7« 
[00 2 1 ] fMlI 1 fOMBti: S , ^2 y f- 

y«S^±l^t^ , EU^i y - K o^fi^B 1 co 
mm^Ji j - Ymz\ntix%2 imrnxz^m^ z. t 

[00 22 ] LT, lf*il2tO^Bj-cii, fflfBIMlI 
1 OX >f >y f - y ^f' jl !✓ - 9 1 ti ft £ £ 1 <0J5f S<0« 

mi. mim2omiLk\mmu^mzk-th, 

[0023] tit. WS$&3<»8ffiV\t. frlBff 1 
COX-f •y^y^V^^^-^tfcitSX^ >y^|IJ» 

mriEMWi^^tM-oTmrlEffilOX^ yf-S 
* 7«JBt I/O *4 *£fci5V vt , HtrlEmTJ / - K Ott 

fitws 2 comfeconmmtx t(± . friEm 1 

[0024] mmM3 <n%mz i |> t , H l >y f- 
t>^y\m<ni^zfi v>x. mtsy-b ^mmm 2 <?) 
m^mtzmixv^k^teii, mi^4 y^-at 

>WBlz&&. ftlriJ-Ycrmmmmzm 
<^D, ^-?'\f3Mzhh%\0M y Wi\kX%\^ 

nuiznmnfitLzts&^tLtffo&k %.mi y 
^*ymMzLxm 1 coxa vi-0mm*>bz<i- 
ztiiz^y, m^y-voo , mmmmzn<ts'jtz 

k^co. XyimcomicDxA y^zxm^sim^m 

[0025] -tLT, mm¥Acrmmxn, mmmmn 

3<nxA yi-y^\y^^l'~fi,Ziii l fim2<7M^M 

mz. mim 1 coma kimmu m& k-th, 
[ 0 0 2 6 ] t tz . imm 5 <mwtmtt:M9&& 

ti. nwmt^coxA yi-yyv^^v-fkLX. 
m 1 0M®£fflkth& 1 <^WM k miEII 1 i 0 

hm^2 commim-t hw. 2 vm&t<?m,zm*r t> 
tt. m^zmuzim$titzmitsxum2oox4 y^ 
k. mm\t^z)BLxmm,\ia2af%2<r)xA y^ 
^y^-?m\m-thxA y^mm^k, mmmicoxA 

yi-k mam 2^7f^W^/-F cMH £ 



(5) M2 000-92824 (P2000-92824A) 



mmmimem^z^xmimiooxA y^^-y 

m2co?JtmCOM1i$:m?L?zk^l,zi±^ mmmicoxj v 

>imiz-t h i. o mat § fix n & t, & . 

[0 0 27] -f-LT, ff*ll6^03T"(±. MIBIi*JS 
[0028] it, mm 7 O^HJ5T"(± . maSft&B 1 

[0 0 2 9] $£>fc. lf*Il8^BJ!(i. LSIy^f 
At LT, fflBff^IIl ^!t(i5«0X>f •yf-V^'Sf jl 
lulBX^ >y^y?>^I/-^£>ffif&£ft. 
fcttEfcioTiMFtSLS I 3 TS&fc tfVC 

[0 0 30] 

[ 9tm^mmmm ] ( n i oommmm ) h i 

$&^tWx;hh« Hlfcfcvvc, H8fc^-ffs!*<ox 

[0 0 3 1 ] Hlfcfcivt, SWKiPMOSh^yy 
^^*>^!5rSSIl(7)^-f v?\ SW2iiNMOS h^y 
^^*>fe!S:SS!2^>f -y-K 1 OtefflflWtf-i: LT 
OPWMft-f-PWMtjEfClllfe I ];tX||2<J r )X-< yf- 
SW1, SW2£§Wfl>X-f vf-fflfPgP. 4(iHlc7) 
*>f 7fSWUl2^^f 7fSW2 b<?M<7)\Stf}J 
- H V 1 <9«ffi£¥*ffc-f SYftWCfc* . 31 1 «fc 
yi2£0^ 7f SW1, SW2I1 Hl^mfii: LT 

o^fiv d d £«r i,® 1 (iiiT r msv d 

dj fcfB-f) h&2<7MM.b LTOlfiVs s 
Sm20€i!g (iilT rfivs s j tfB-f) fccoiat, 

ac^u tiftft £>*ix v ^ „ & tzmm$%4 a h 5 a x 

s^±§M6^ltv^. mmtm%4iz£^z¥m 
fcztazmmi j - b* v 2 !&» t n ^ @g& 8 ( H-mmst 

[0 0 3 2] Hlt^-X-f -y^-y^V^f'j.b-^Oil 

m^\z^tWk<nxA ■y j-y?)/^ com 
ftkM^mzimMT3b& 0 -r%b*>. x^y^mmm 

1 0(i. MMklX. PWMff-Sf-PWM^ "L" O0k% 

ami 00x4 yfswi &*yffl&£L. PWMft-^-p 
WMj&J "H" <nk%\±%2<?>x4 «yf-SW2*^-y*0IR 

[0 0 33] ^SBglB^BfSMi. -y^MfflgP 1 0 

?&\ tti^y-Kv i«»ifivs s SjBiT^i* 1 
5^«t3arfsailg^tTfeO. ;oMn$siii£gg2 

COXA yj-SW2<vfflmzK9kZit&&X'$>$>. x4 >y 



coxo^mzm-oxfto « 

<m200X4 'y-^SW2 0|IJfiI> 
PWM = H SW2— ON 

if Vl>Vss SW2^0FF 

-ttchh. PWMji^PWMis "H" comf^\iM2co 

v i ^ms^n i oomfcoomiZi-^hhniiLv sszm 
tx^htzii. mnmzm2cox4 7 tsw2^7 

[ 0 0 3 4 ] $ 2 OX -f >y f - S W 2 y =K!g<7>*§£ . 
zi4^5C0VAl L^V-KV2fflt (HI tfe^T^ 
1*1 St) ffitLX^&k%\i, m2cr>X4 7fSW2C0^ 
>-ffiffit ± T 7 - H v l crMm&Wid. V ssiHi 

fc (Hi tfcwTTiftit) g&fm^iisti, aj^jy 
m2tox-f 7tsw2^y»kK 3>f;i/5 

[0035] ^mummx'te. icoxd %%\mzm^ 

¥?1 HIS&4 SSEfl.S«a[I L<OI*I§*EfJ^y-HV 

wn&v s s ^t^s fc # , ¥it HU&4 sath-s* 

a[iL**EB^y-Kvi ffltSEfLTWiv s s tstfia. 
tfii:*, %2cox4 v^-^2^y\m\.z^hc\k 

^zx^xm^h, 

[00 36 ] W\2imiOOX4 >y f-y j.I/-?CO 

HIS i o *vJn§ ^ # com^mt^A s 
-bT-fcl> 0 H2i:iai 0titx^7fy^'l/Jfal/ 

crmuzte®t>m\m^\ -t^h-h, aim^yf 

[00 37 ] L^i . H 1 o tst"^*ox^ 7fy/ 
I/^r jl 1^- 9 XU , ¥}f @S#4 A tffiK 9 & LT ^ 

[0038] iil±o i 3 izimffiBMitZkh k . mm 

mzrnmm.v& z k ^< , n^m^^vj^s 

[00 39 ] i tH 1 -/ ^J«gP 1 0 

2<7)x^ >yi-sw2$:mm-fz>mm. mTjy-Kvi 



(6) M2 000-92824 (P2000-92824A) 



$1 lOft^fcPWMff^PWMii^A^fc^SAND 
2f:ti-5 T*M£iVC^S 0 f UANDIKig 
1 2 O ffi^fl^^'H 2m^yfSW2 <7)$IJfPft-t L 

2^7fSW2 <0§M£ m% £M 
m-ti - t J&*T& So X^ «y iHWWgB 1 0 ft 

coS?2co,x-f >yf-SW2£ffllSiit-S[gi&<^j£tiBl£ 
Srf i<7»£>tlS tcOT"(±&< . IgJftOfflfP^JJiT 
# S t sDT&fUf flfiOflffiST* -5 T t> A» i ibSr^ o 

[0040] ( n 2 ommm. ) h 3 (±*^^m 2 co 

mX'fot, H3fcfcUT, Ell fc^il^ffi^StiiH 

1 k m-m^ntXts *) , ; ;-Cii^<7)PMMBJ 

[0 04 1 ] 03t^-fX>f <y + >yv*?3.V—'lrvm 
mi. mUz^-fXA 'vi-yfU^j-l—VcoMftkM 

^mzummThi., *wi«ttii xA-y^-m 
mm 1 0 a#ss 1 commmnizm sg2m^yfsw 

2 coMWdinxT ^lm^yfswi <W^§W 

[ 0 0 4 2 ] H 1 <9SSH0B!Bfc:ffi40 1 coflBS^*^ 
Hl0O«T1i, SltsJ:tf£2<9.x>f 7fSWl , 
S W 2 # 2: Ct7» t # , TffrEB&f) L C C04t« 
i/ZX-oXtiitiJ—VV 1 < HftT , 

i-3-Ct±lH2Vdd*jffli.-CLi^;i:#*-5fc. <I<0 

Hff)mz. I1^7fSWlJKf§PMOSh 
5yyl^ <#g±^>f *- V lz i. S '.EJjflVWI- 1 T L 

[0043] H4(iAse^PMos h ^y^'x^R 

ffif§}i£^-f ETC'&S „ 134 t^rf «fc -3 fc„ PS<0 K 
:*-l*3 l^fflU^SftT^So PMOSh7yy^^ 

RKimjifc ii^*^ f 3 1 commms.co ? hco 
fii-wtttiits ffi^y-Kviomfiaiiff 

(Vd d + Vt ) T"U S H5(iHl OOft 

fKfcfcWt, Sj]/-^Vl»»'(Vdd+Vt) 
t U 5 «y b 2 ^ i: § Oflff &^rf 0Ti6 4 . 

[0044] Wl¥A H 3 1 OHfimJ±0*'* i ffi^ 

t-f st, m^y-Kviomfi^' (vdd+vt > ± 

*>^±^>f F 3 1 <aj©5rftK«»#aE*l4 . Z. Ofc 

^^'W^-b3 l^ff^yfifiiti^Tm^iM 

[0 04 5] ^i-C^HBgJBtfi, *7«!Bfc*Sffi 
l cox^ 7 fsw 1 1 ism^ftfe^ t&u i 5 fc, 

*-f -y^fflfPSPl 0AI1 %\(?)XA -yf-SWl<7)§IJf3? 



[0 04 6] <mi<?)XA -y^SWlt0|IJ»> 
PWM=H SWl^OFF 
if Vl>Vdd SWl^ON 
■ftth-tb, PWMffPWM*! "H" cDKH^tfiJi^ l so 

V 1 ^mfi^B2 OFJtSo€fifc LT^mfiV d d 
jiT^Sfc^i. ^tgtfflWfcilicox-f 7 fswi 

[0047] hi^hi o^m^xn. m^y-Kvi 

t(4, H 1 7fSWl ^^^>r K 3 1 

mmcDMffl tiot, m^^^i® v d d S ix& BK0 
»]«*ti^im>f v^swi^yiKiitJ:Si<o 
tc^|> 0 PMOSb7yyxm«iS4^^ 

- H 3 1 ^^fksj- yfiKt Jt-^T tt 5 V 
IS^ISVd dtM$^iS^*^tI*(i. #HJ6^ 

[0 04 8] 06{4ll30X-f vf-y^l/dfjLl^-^cO 

iM^^sym-btl)^. meiz^-fkd 

t , EB* 7 - K V 1 ^g««f4{±0 2 t ibK LTffi< 10 
RSfLTV^. ;ix{i, tti^y-bVloftft«f5(i, 

h i *m i o (^mst(iai^>f k 3 1 ^^i^-y 
tmizx^xmrntLx^tztf. H3^ffi^ti±ffi 1 ^ 
x>f vi-swico^y&mzx-oxMmzti&fr^xfo 

[0049] lil±<7) i 3 £*£tl0B!Bfc J: S i . KffM^ 

- I^Djfl-ii'fd,'!! 'J /- K v 1 »lEt«i%tt 

mm d d tm^'s$n§^T-#)-oT t , ^y^m 

crm 1 OX A -y 1- S W 1 IZ X h %-hWz £ B& <* - ^T" 

§ Scot, ffi*J; 0 ^v^^WP WM-S c: t 
^fgt=5rSo 

[00 50 ] ttzM3Xn. XA v^-IO» 1 0 Aftco 

^\<nxA yfswi &|ij»^-s@^{i, ffi7jy-bv 

1 «fiV ddt SrA^J t -fS J:t^ 1 3 t , Jt 

3c?)tf;^fcPWMfi-^PWMi;^A> + Jfc^SAN 

K 1 4 WXtfffiftiffi 1 CO-X^ 7f SW1 coflOWfl^- 1 
LTfflv^tiT^S 0 iOid^riS^flSfiSti^T. 

l mxA 7fswi co$iJffl^§^t; 
H^-fS; t^'T"#S 0 ^^>6^. XA 'y^SOWiil 0 
Art^l COX^ 7fSWl £fflffl^S0S#c«c(±B 

s {> w&tux m^m^X'h -> x i> frth%^, 
[0051] %&mivmmm~ciim2<7)xA' -y^-s 

W2cO§Mc 7 )^46coa^mfi^€fiV s s fc € 

1 coital? 1 1 coMEB$r?S^#i:LT . €fiv ssi 
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ix i> x \i\ ttzM2 ^mmmmxnm kdxjv+s 
w i mmcofzibco&mMmma.v ddt Lt<it>\ m 
a v d d vMcommw^ma. ktxi>x^\ mnm 
3 n&Mm 1 3 <og@sis£:tabT . mev d d x o 

[ o o 5 2 ] £ . is i <nmmim\ l z\mm2<7)x4 
fsw2 ^M»o^feoa^mfi^i55E^t« lt 

[0 0 53] H7(±*^BJ!t«S^^ 'y^-y^V^^lx 
07fct5Vvc„ LSI 20 (i LSI r?TiI2 1 k 

Dc/Dc^m^2 2k^mtxio r ). 

•C¥if0^4^ffii.TV»-|> o 2 3a-2 3eiiLS I 2 
0«A'y h'TftS. DC/DCIB2 2iify1J;il£ffll 

a fzi&m 2 comtmmx^ itz x o is 1 & xx/m 2 

CDXJ 7fSWl , SW2MUHCX-Y •yf-$0fPgPl 0, 
1 OA^ftS&CDT^s DC/DC^mH2 2fcJ: 

U-^j&iffiJfr&frO^S. DC/DC»22fi^7 
K23a, 2 3b fc:ffi|&S;h.fc*S«iV dd, V s s 

i i3t(±si2 comummizmmmz x -oxm&v 

1K£!&U a" 7 F2 3c(;^. ¥}f0£#4iiD 

C/D C^8i&2 2^ffi^mJ±V 1 ^if-fkLTtJlV 

2fctraj*-ts. 3 FiM§4^m^mi±v2(i, ls 
i nrgP2 l^s^^ut iximztiz* 

[0 0 54] 

[^BJOJM] J^±tfO J: 5 {zifWm X h k . ¥}# HISS 
Ls sI^ffl|£Jfl£ffllvt!fl2<DX-f -yf-S^^^aBt 

< s KM^- SJl-t s d t £ . Liztfi-) 
Ts ^ n D pfii^±M^&fg<c:fc^<s a^resa 1 

^^k^com.iTMm^m±^^x\ mmi 

[0 0 5 5] £fc . ftyV- h*tf>*&#i6g&:^< 



^ l-^ comf&z^i-mxfc h . 

[03] *^M2^iiId^X^ ^y^v 
[04 ] Hlfl^PMOS Yy>i/X9(F)WWffi°k7F 
[05] HI O^X-f >y^-y^V^^L-^t?)s ^flc 

[06] 03fOX-f -y-^y^"L^'ji.L-^tOiJ#&^-r 

[07] *^BJM§^ v^-y^v^^L-^s>ffl^ 

fcLsi isX7-Acom$LM%^tmx%&, 

[08] ffii*0-X^ yf-y^i^^-^coHRW** 

[09] @8m-j >yf-y^V^'j.l^-^C0iJ# Sr^-f 
3 y^-V- hfS> D s ( a ) iifJi)©^^ V > 
i: # ^>f S y^^ - h s ( b ) V i 

k%<?)9A ^yy^-yxhh« 

[0io] mMt-mm^mzm&cD^ -v^y? 

[01 1 ] 01 OCDXj >y^-y7'U3r^U-?CDW}ft$: 

vdd ®i«fl:fis ®i^miH 

Vss I2»|fi, I2«1I 
SW1 IlOX^f 7f 
SW2 |2«^7f 

vi m^jy-K 

PWM PWMff-f- 
4 Tif[Ml£# 

10, 10A X-<>y^$IJ»gE 

2 0 LSI 

2 1 LSl3Tg|5 

2 2 DC/DC^8I^ 



(8) M2 000-92824 (P2000-92824A) 




(9) M2 000-92824 (P2000-92824A) 



[07] 



[08] 




7 <r 



V2 





50 

t 








! 

— M 










! 


■ — 






_ j 




Vss 



[09] 



[010] 




V2 



Sfl_on 
S1T2 on 



V2 





[01 1 ] 



PWM 



Sf2_on 
IL n t- 



-Vdd 
V2 

Vss 



-Io 



V2 



(10) 12 000-92824 (P2000-92824A) 



(72) *t mm (72) wm oj* m 

<72)3&BJ^ Mil (72) tf¥ W# 

(72)^M Oj* «£t F?-A(##) 5H730 AA14 AS01 AS05 BB13 DD04 

^RgJf?PW^^PWl006#ffi t&T«?£ DD26 DD32 EE13 EE19 FD01 

Sitfe^aft FD31 FF01 FG05 FV02 



